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Detailed description of the invention 

A Method for searching physiologically active substances and a process for 
producing same, and drugs found by the searching method. 



TW-hnical Field 

The invention relates to a method for searching various types of novel 
physiologically active substances and a process for producing same, and drugs found 
by the searching method. 

Related Art 

In the prior art, the searching for unknown physiologically active substances 
involved analyzing constituents present in body fluids or tissues, identifying and 
isolating novel substances and investigating the physiological activity of the 
discovered novel substances. 

The method of the prior art described above consists of analyzing constituents 
present in the body, finding novel substances and investigating their physiological 
activities. However, the number of constituents present in the body is extremely high, 
and physiologically active substances are often present only in low concentrations, 
thereby making finding novel substances a difficult task. Further, because an 
overwhelmmg number of physiological reactions take place in the body, and thus, 
finding the nature of physiological activities the newly found substances have is also 
difficult. Therefore, finding novel physiologically active substances with the method 
of the prior art is a difficult task. 
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Therefore, on, of ,he objects of .he invention is to provide a more efferent 
me ,„od for searching novel P hys,ological,y active substances w.th a certain leve, of 

rocess for producing the physiologicaUy active substances found by the metho 
descrrbed above. ,„ addition, one of the objects of the invention is to prov.de a nove, 
medicne for trea,.n g diabetes, insuiin productron relators, g as,ric ac, secretron 
regul ators and growth homrone secretron relators found by the method of the 
invention described above. 

The inventors have previous,, invented a more efficient method for searchmg 
nov e, phys.o.ogically active substances with a certain ,eve, of predictability and filed 
. paten, app.ication (Patent Laid-open PubKcation No Hei. HMD*** * -.hod 
1S baS ed on the finding that, among receptors of substances, for whtch substances or 
ce„s having an.agoni.ing effects are present in a body, or, receptors for the Substance 
A for which celis or subs.ances having antagonizing effects on celis respondmg to 
sai d Substance A are present in a body, when there exist two or more sizes for the 
, receptor, the missing portions, i.e. the portions of amino acid sciences whtch 
have been spliced, have physiologic., activities related to said receptor. 

The inventors completed the invention after ac,»al,y verifying that, ,n 
performing the searching method of the previous.y applied patent described above, 
the method of inferring the amino acid sequences of receptors based on the base 
sequences of their cDNAs is a,so vaiid when two or more cDNA sequences exist for 
said receptors, and that its is no, restricted to the ones based on the amino ac.d 
sequences of receptors whose actual existences are known. 

Namely the invention provrdes a method for searching physiologically act.ve 
substances comprising, examining a peptide having an am.no acid sequence of two or 
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m ore sizes for .he same receptor by compartng the cDNA sciences of said receptor, 
wh erein the receptor , a receptor of a ccl, producng an an,a g onist to a substance 
presc. in a body or a receptor of a eel, producing an antagonist to said cells per «. 
and then examining wh.ch regions of .he .onger recep.or are missing in ,he shorter 
«cep.or by comparing .he sciences of the above-mentioned cDNAs- Aiso, the 
invention provides a method for producing pbysMogidly active peptides where.n 
, h e missing regions, e,ab,ished by ,he method of the invention described above or 
th eir derivatives are produced, In addition, .he inven.ion provides a med.cne for 
„ea,ing diabe.es comprising, as an aCive componen, a P ep,ide having .he effec. of 
increasing .he produc.ion of insuUn by insniin producing cells, said pept.de bemg 
.hose successfully searched for and found by .he me.hod of .he inven„on described 
above and having .he amino acid sequences ind,ca.ed by .he sequence numbers 1 or 
o, ,he sequence table, or having amino acid sequences ob.ained by .he s„bs,i.u.io„ 
inside, de.e,ion from, insertion in.o or addi.ion to said sequence (number 1 or 5) of 
one or several amino acids, fn addi.ion, .be inven.ion provides Insulin producuon 
regulars comprising, a S an ac.ive componen, a pe P .ide having .he effec, of 
regnla.ing .he produCion of insulin by insulin producing cells, said pep.ides navtng 
.„e amino acid sequence indicated by .he sequence number 2 of .he sequence .able, or 
having amino acid sequences ob.ained by ,he subs.i,u.ion inside, dele.ion from, 
msertion in.o or addition .o said sequence (number 2) of one or several amino acds. 
In addition, the inven.ion provides gastric acid secretion regulars comprismg, as an 
aCive componen, a peptide havmg .he effec, of regula.ing .he secre.ion of gas.nc 
acd said P ep,ides having .he amino acid sequences indica.ed by .he sequence 
numbers 3 or 4 of .be sequence .able, or having amino acid sequences ob,ained by .he 
> subs.itu.ion inside, dele.ion from, insertion in.o or addi.ion .0 said sequence (numbers 
3 or 4 ) of one or several amino acids. Growth hormone production regulators are 
provided, comprising, as an active componen, peptides having ,he effects of 
regulating the production of hormone, and having the amino acid sequence indicated 



by the sequence number 6 of ,he sequence table or having amino acid sequences 
obtained by the subst.tu.ion inside, deletion from, insertion into or addition to sard 
sequence (number 6) of one or several amino acids. 

The invention provides a method based on the base sequences of cDNAs, for 
efficiently searching novel physio.ogicaUy active substances with a certain level of 
predictably, .n the method of the invention, novel bio.ogically active substances can 
be found by examining the receptors for substances participating in antagonism, 
therefore, it is no. required as in the prior art, to iso.ate physiologically act.ve 
substances present in trace amounts inside biological samples containing extremely 
la rge number of constituents. In addition, the physiological activity of the searched 
and found physiologically active substance is an activity pax.icipa.ing in the 
antagonism described above, therefore, searching for its physiological activity » also 
considerably easier than ,hat of .he prior ar, Thus, according .0 .he me.hod of the 
invention, searching for novel physiologically active substances can be performed 
with a considerably higher efficiency compared to the related art. Also, the invention 
provides a novel medicine for treating diabe.es having excellent increased effect on 
insulin production. In addition, novel insulin production regulators, gastric acid 
secretion regulators and growth hormone production stimulators are provided. 



Preferred Embodiments of the Invention 



in the method for searching physiologically active substances of the invention, 
among receptors of cells producing an antagonist to a substance in a body, or among 
receptors of cells producing an antagonist to said cells per «, amino acid sequences 
of two or more sizes for a same receptor are examined by comparing the cDNA 
sequences of the receptor and then which region of the longer receptor is missing in 



the shorter receptor is examined by comparing the sequences of the above-mentioned 
cDNAs or the sequences of mature mRNAs. 

Namely, the method of the invention concerns cases where two or more 
receptors with different sizes are generated based on the differences in the base 
sequences of the mature mRNAs. In other words, the method of the invention 
searches for splicing variations at the level of the mRNAs. The role of splicing 
resulting from the splicing variarion at the level of mRNAs, which normally does not 
occur, is not well understood, except that it inactivates gene expression. There are 
cases where sequences which should originally be translated are consequently not 
translated, and in contrast, there are cases where sequences which should not be 
translated are expressed. In most instances, because splicing is not properly 
performed, even amino acids can not be expressed, but in the other instances, there 
axe actual cases where amino acid sequences generated by splicing or those which are 
to be deleted function effectively. The method of the invention consists of searching 
for such splicing variations at the level of mRNAs. 

The method of the invention is directed to examining the base sequences of 
the cDNAs for the above-mentioned receptors and finding those for which cDNAs of 
the same receptor exist in different sizes. This task can be performed by either 
determining several times the base sequences and the sizes of the cDNAs for said 
receptors or, if the information is reported in the literature, by using this information. 
The glucagon receptor, FGF receptor and GIP receptors can be mentioned as 
examples of receptors for which two or more cDNAs of the same receptor exist in 
different sizes. 

The physiologically active substances can be obtained by producing peptides 
identical to the missing sequence regions which have been recognized to contain 
physiological activity. In most cases, the missing regions consist of relatively short 
peptides, such that said physiologically active substances may be produced easily by 
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, .here are cases where the physiologtcal 
having physiologic*! activity in genera,, there 
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other amino adds, a small nu mve ntion is the 
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4k,« 70% even more preferably W /to 
above). Preferably, such derivatives have more than 70%, 
homology with the missing regions mentioned above. 

1 rnventors found a peptide having the effect - increased .oducttor, o 

I cens it is e«ec ti ve a S a m e di c in e f o, .eatin, di a b e t es, ,e., as r.enUo.ed m 
producing cells, it is eiicwi r r>NAs with 

1 embodiments described be.ow, the existence o t several types of cDNAs 
„ - - the glucagon receptors is mentioned in literature m ^ 
« and by comparing the base fences o f these cDNAs, whrch regrons ^ 
base sequence codtng for the longer ammo actd seance are mtssmg rrom ^ 
seqU e„ce coding t or me shorter am.o acid seance was e— - - 
1 seance o f the missmg region was inferred (science number !>. Tnen, 
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•Pirated by the sequence number 1 was 

sees. « — — ■ 

-•n'T^rr: 

• 7:—---— 



instance 



1 addili o„, s toil a riy ,0 above, ft. — s ^ a pep.iOe ^ .he 
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• oa.ca.ed by .he sequence number 2. This sequence was found based on 
sequence ,s mdrca.ed by ^ ^ ^ 

i _ Q+ u rir i n f the invention descnoeu 

resmuic r r of ^j. sequence number 2 m 

l i ,e scope o f ,e mven.ion. tn such cases, .hese pep.ides shou.d preferabiy 

::n re **. ~ «. - — - - 7^ 

«d by .he sequence number ^ ^o, wbi.e ,e nu.be, - amino ac, s . no 

6 Non-oral ad— ons such as Venous inject 
mj ec,ion or en.., adminis.ra.ion are preferred for .he admin— »' 

^ ,e remedy can be produced sui.abiy by ,e me.hods o f ,e ar,, and - 
disso.ved in physio^ca, saiine som.ions W i.h a co„cen.r,,„„ range o t 30 3000 

ma/1, for instance. 

Furthermore, s^Hariy .0 above, .he invcn.ors found pep.ides 
. — of g a,nc acd (.nh«on of secretion or —ion of sccre.ion). TW 
aml no acd sequences are .nd.ca.ed by .he sequence numbers and . T*. 
fences were found based on .he search me.hod of .he inven.ion descnbedabove, 
by compare .he cD.A sequences of .he g a,rin recep.or. T,ese pep,des, because 



• -a aT e effective as remedies for gastric and 

, r„ the case of secretion inhibition), or as remedies 
duodenal ulcers (m the case stiffiU lation). Peptides 

*— r— - - — - — - 

effect as gasmc add secre.ron g ^ 
aml „o acd sconces — „ - sequence ^ P ^ ^ 

irt, the sequences indicated by the sequence number 
*% homo,o 6S wth the seque ^ ^ ^ ^ 

whil e the number of amtno acds ,s no. spectf , 

-■— — *rr-.~ 

„ „ « - — »»' ""'•,.,,„,„,., 
„„,.„,„ — — - — .„,,„, 

„,,,_< for the administration route of the 
section or enteral administrate are preferred * 

• i„ nmtnl Ome per day for 1kg oouy wci & 

— — . 

th ! C05 e of station of production), or as remedies for ^ant.sm (» *, case 



• , oduction) Peptides effective as growth hormone production regulars 

i: i , - - - — ° f - d -7 d 

1 and havin g the effec. o f *e -euon of .row* Ik— « 

" l i e oL inven.ion. .n thrs case. fhese peptides shouid P— - 

preferable, and about 12 to 20 is even more preferable. 

p — — - - «— - m ~; r 

injcc ,ion or enteral administration are preferred for the admmisttation route of e 

L dose is suit* deputed based on the condit.on of tire pat.en and th 
molecular „c ig h, of the act,ve pnncip.e, 0.0, to >.0m g per da y for », « 
> norma,, preferred, .so, .be rented, ean be produced suttablv b y ■ e - » 
, he art, and can be used dissoWed tn P hvsio,o g ica, saiine soiuttons wtth 
concentration range of 30 to 3000 mg/l, for instance. 



" tbe foUowin, espies, tbe — wil, be actual* Ranted. „ should 
be evident that the invention is no. limited by these examples. 

Pl ed,c.ion of the phvsio,o g ical ly acttve peptide from ,hc g>»ca g on 

Tie acid senue.ee of ,e r, glucagon receptor described in FEBS U»,rs 351 
(W94) 271-275 has been invested, m glucagon receptor has four cDNA lengths 



f the cDNAs and it is clear that two among them 
»— *" b3SE SeqU T 2 are l consequences o f a difference in ,be 
— — . I « mode from .he po—,on a, 
" receptor. However, the motors 

::;l om1 « - « sort - «. — - — - 

indicated by .he sequence cumber 1 of the sequence .able. 
Example 2 Production of the peptide 

Commercially avai.able peptide synthesis was used to synthes.e the 
peptide having the amino acid sequence indicated by the sequence number 2. 
Examples Stimulating effect on insulin secretron 

ce.,s which ate insu.in product cells derived from a human 
,■ „ r„ Ltd ) were cultured in RPM1 1640 
pancreas (source: Dainippon Pharmaceuttcal Co.,L.d. ), were 

media containing 10. calf fe,l serum, and .own with 5% carbon dro.d g as m 
Nidified incubator a, 1TC The cells .ere treated with trypsm pnor to s. » 
W!lh a density of 1 , when ,ey reached confluency, ,e pep of ^ 

i n V en.ionsy..hes,edm E xamp,e 2 ,thepep.ides A andB,wh 1 chareunre,a,edto,e 

Lntion and whose ac.Wtties are un.own, as we,, as a 

sa , inc) were added a, 0.01 mg/well, and the ce„s were cultured for M hours. Then 
, lhe concentrations of insuHn present in .he supers were measured by 

presented in the Table 1 below. 

Table 1 1 

insulin concentration^ig/^^ 



samples 



peptide of the invention 


1148 




control 


3T.6 




peptide A 






peptide B 
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* c^y demonstrated in Tabie !, the peptide ment.oned above, whrch has 
b e„ searched for and found with .he method of the mventton, proves .he 
been searched Therefore, the pept.de rs 

prod uc. i ooo f insulinby.heinsu ll nprod U c 1 ngBx P C3ceUs. 

cohered .0 wo* effect fo, diahe.es patients through — sy~ 



action. 



Fy a mDle4 Production of the peptides 

^commercia,, , — Pe,.de synthesis was - - — * 

stimu.ating effec, on .he production of insuim by msuitn produce 

CdlS HIT ceUs, which are insuiin producing hamster pancreatic cel.s, and BxPC-3 
c e„s, which are human pancreatic ceUs (source: D a, Nippon Seiyafcu), .ere cuitured 

and grown with 5% carbon dio,de g as rn a hunted incuba.or a. 3 C. Th c » 
w e,e treated wi, trypsin for seeding Cure p.ates with a denst, o 

10Vwdl; when .he ceUs reached confiuency, .he tnedia was exchanged o a n 
^ee media and the ceUs were Cured for S hour,. Tben, - P*P«- * 
in ven,,on produced tn Bxampie * were disced tn serum-free 
va rious doses of the peptides indicated by ,e se q „ence number ! for , Hf« 
md various doses of ,e pep.ides indica.ed by .he se q uence number 5 * to B*W 
cells , were added .o .he weUs and the cuttures were further mainta.ned for 2 hours, 
^er ,he cuhures have been performed, the s.imu.a.„ry effeefs of the pep.rdes of t e 
in vem i0 „ on to P— n of insuiin by to ceUs were measured by 
immunoassay, .0 see, s.imuiatory effec, on production in comparison ,0 the non- 
„ea,ed groups. Aiso, the insuiin immunoassay, and the caicu.at.ons for the rates 
nation for the production of insuiin were actuaUy performed as foUows. Vanous 
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dil , 10 ns o f , h e supematents ,0. ,e cel, culture me d ,a were a d ded to — 
1 with ,mmobi,.zed — — s, - reacted - 
Lbod y — , according .o the protocol 0f the insulin - ~™ — 
: Shib yag, (Ltd.). The detection was by reacting the H~ — - 
I d perosy d ase and — - 

by the pero Syd ase. Toe —ion - ^ was ca— from a standard curv 
I insu,,, When — the rates or stimulation for the production - «- - 
the groups with various doses added, by tating *. rate of —.0, for the 
of insulin h * -rence group - - — a dd ed as ,00* - 
following was obtained. Toe resuits are presented in the Tab.e 2 below. 



iDie i. 

quantity of peptide added 
(jig/well) 


-^^f^S l^oTfoTSeVoduction of insulin 

f%) 


HIT cells 


BxPC-3 cells 


0 


100.0 


100.0 


ox^T 


102.8 


110.9 


0.1 


131.6 


123.3 




184.9 


198.2 


1 — i — 


203.1 





M clear,, de.onstra.ed in Tab,e 2, the peptides mentioned above, which have 

insultn producing celis d erived from hamster a„ d human, of stimu.attng the 
paction of insulm. Therefore, the peptiOes are considered as leading to a decrease 
in ,he level of blood sugar and thereby are useful for the treatment of diabetes. 
E^amplei Production of peptides 

A commercial., available peptide synthesizer was used to synthesize the 
peptides having the amino acid sciences Seated b y the sconce numbers 3 a„ d 4 
which were predicted b y comparing the cDNA seances of the gastrin receptor. 
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^ mhibitory effect on the secretion of gastric acid - - * 

(Wtste, by - physioiogica, safine, *. «*- 

' | t j gastrin, a of gastrtc acid secretion, hypodermtcaUy 

Ministered ,o obtain a dose of 4ug/kg and the pepttdes of the 
la ,e,Gas.™wasa.im,n,s,ered,oo ^ 

^ m ;„; K tPrefl to obtain a dose of lO^g/Kg. me i« 
: , h e — and the ,U was — - — the secretton of - 

-p«---*--~ fc - t,,,, - , in: 

substa „ce Roistered and the adnrrnistercd group, the «— - ~£ 

below. 
Table 3 




["Control 

|_admimsto^d_grou2 

* Ceariy demonstrated in Tabfe 3, the peptides mentioned above, which have 
to n searched for and found with the method of the invention, have the effect o 
siting the secret.cn of gastrrc actd in rat, Therefore, the pepttdes are use« 
gas „ic and duodenal u.cer remedies which .nhtbi. secrefon o, gas.nc ac.d. 
g^leg Production of the peptide 

"peptide having the amino acid sconce indicated by the seouence nurnbe, 6, 
whi ch was predicted by comparing the amino acid sciences of somatostatin receptor, 
was synthesized with a commerctaUy liable pep.tdc synthestze, 
^ stimniation o, .be produCon o, growth hormone by growth hormone 

producing cells 



SOI 05") which are growth 

• • 1 <;% calf fetal serum, and grown wun J 
gasmah — ,-37 CT. c ^ 

^ P-s * a a-, " ; s ^ F12mcdiaaDdlheceHs „e re 

convey, .he media was e*cha ng ed ,0 a !5% * ? 

cullu ,ed ( o, » P eP-s - - — ^ he p£p „ d£s t0 the 

W eUs, and fte were ^ — ed «* 3 

n. Also the growth hormone immunoassay was performed witn 
groups. Also, u vanous dilutions of the supematents from the cell 

* SaDdW1Ch dd d o wells coated wrth in— ed antr-growth hormone 
culture media were added to wells coated 

„• «d reacted for 180 minutes at room temperature, washed 
antibodies, and reacted ior 

e_ g the ra,.s ^ ^ pio<JuctlM 

groups with various doses added, by latag 

^ to, U» — e .cup w„b no 
2S J^™^T ta ^»^^™' 4b - taW - 
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^iatio^T^fgro^thl^one production 
(%) 




As clearly demonstrated in Table 4, the peptide synthesized in Example 8 have 
effect on the growth hormone producing cells of stimulating the production of 
^owth hormones. Therefore, the peptides are constdered to lead to the stimulation of 
growth, and therefore useful as a remedy for dwarfism. 



